A high performance liquid chromatographic (HPLC) fingerprint is commonly used for quality consistency evaluation of herbal medicines. Recently, an improved chromatographic technique resulted in ultra high performance liquid chromatography (UHPLC), which could provide higher resolution in less time under higher pressure using finer particles (less than 2μm) of stationary phase. A simple and sensitive method was developed and validated for fingerprint analysis of Penthorum chinense Pursh (PC), with the simultaneous determination of seven components using UPLC coupled with a diode-array detector (DAD). It took less than 20 min for analysis of one sample. Both similarity analysis and principle components analysis (PCA) were employed to evaluate the quality consistency of 17 sample batches. The analysis was performed on a Waters ACQUITY UPLC HSS T3 (2.1 × 150 mm, 1.7 μm) column, which was maintained at 45˚C and the eluents were monitored with DAD at 270 nm. A gradient elution with acetonitrile and water containing 0.075% phosphoric acid was used. The solvent flow rate was 0.4 mL/min. Standard calibration curves showed good linear behavior (R 2 >0.9994) in the range of 0.20-337.05 μg/mL. Acceptable repeatability (RSD<0.61%), reproducibility (RSD<2.72%), stability (RSD<1.59%) and recovery in the range of 94.7%-102.9% were obtained (precision and accuracy). The validated method was successfully applied to evaluate the quality of 21 samples of PC.
Ganhuangcao, the aerial parts of Penthorum chinense Pursh (PC), a plant distributed in southwest China, can be traced back to the Ming Dynasty and recorded in the Herbal for Relief of Famines [1] . The genuine regional drug is produced in Gulin, a county 1000 m above sea level in Sichuan Province. It has been used for treatment of jaundice, edema, and traumatic injury [2] It has also been used to treat hepatitis, cholecystitis, and fatty liver due to its protective effect on the liver [2] [3] [4] [5] .
Traditional Chinese medicines (TCMs) have been used for thousands of years and have played an important role in health care and disease treatment in China. The synergetic effect for multitargeting is considered to be the advantage of TCM in contrast with western medicine. However, its multi-ingredient preparation leads to complex constituents, which make it hard to maintain and evaluate the quality consistency. Fingerprint technology has been successfully used in the pharmacopeias of Hong Kong, Europe and the P.R. China to evaluate the quality of TCMs according to their chromatographic profiles. A high performance liquid chromatography (HPLC) fingerprint is the most commonly used for quality consistency evaluation of herbal medicines. Recently, an improved chromatographic technique resulted in ultra high performance liquid chromatography (UHPLC), which could provide higher resolution, in less time, under higher pressure, and with the use of finer particles (less than 2μm) of stationary phase. Therefore, application of the UHPLC technology would certainly lead to a more efficient method for quality control of TCMs than HPLC.
For quality assessment of PC, many researchers dedicated HPLC methods focusing on content determination of quercetin, gallic acid, quercetin 7-O-glucoside, and pinocembrin 7-O-glucoside [6] [7] [8] [9] [10] [11] . Among them, gallic acid and quercetin have been reported to possess hepatoprotective activity [12] [13] [14] However, our early research found that these two compounds were not the principle active components of PC. Three analogues, named SCH 644343 
, and thonningianin A (VII), were found to be predominant in the extract of PC. Furthermore, SCH 64434 was reported as an inhibitor of HCV NS3 protease [15] and HBeAg [16] . As a result, seven compounds were selected as target components ( Figure 1 ) for quality assessment of PC. Thus, a strategy that integrated the chromatographic fingerprint with the simultaneous determination of seven quality control components using an UHPLC method was developed to evaluate comprehensively the quality consistency of PC.
In order to obtain optimal extraction efficiency, variables involved in the procedure such as solvent and extraction method were optimized. Methanol, 90% methanol, 70% methanol, 50% methanol, 30% methanol and 70% ethanol were tried as the extraction solvent. From these, 70% methanol was chosen as the extraction solvent since the solvent system could not only provide extraction efficiency, but also reduce the solvent effect on chromatography. Ultrasonic extraction was compared with refluxing. It was found that both extraction methods have similar extraction efficiency, but ultrasonic extraction was simpler, and hence ultrasonic bath extraction was chosen as the preferred method. Different solvent volumes (10 mL, 20 mL, 30 mL and 40 mL) and extraction times (10 min, 20 min, 30 min and 40 min) were also tried before 30 mL solvent and a 30 min extraction time were chosen as the optimal method.
The optimization of the UHPLC conditions was performed by changing the stationary phase (Waters ACQUITY UPLC HSS T3、 、 Waters ACQUITY UPLC BEH Shield RP18 Waters ACQUITY UPLC BEH C18), mobile phase composition (acetonitrile-water containing phosphoric acid, acetonitrile-water, methanol-water containing phosphoric acid, methanol-water), pH value of the mobile phase (acetonitrile-water containing 0.025% phosphoric acid, acetonitrile-water containing 0.05% phosphoric acid, acetonitrile-water containing 0.075% phosphoric acid, acetonitrile-water containing 0.10% phosphoric acid), flow rate (0.2 mL/min, 0.3 mL/min, 0.4 mL/min) and column temperature (35˚C, 40˚C, 45˚C). All the standard compounds were satisfactorily separated under the optimum conditions. Furthermore, the compounds of interest were unambiguously confirmed by comparison with the retention times and UV spectra of the authentic standards. Therefore, this UHPLC system was simple, suitable for use, and effective for the identification and quantification of compounds I-VII in PC samples.
Under the chromatographic conditions used in this study, all seven calibration curves exhibited good linear regressions (r 2 > 0.999). The limits of detection were in the range of 0.0187-0.0754 μg/mL and the limits of quantification were in the range of 0.0534-0.1967 μg/mL for the seven compounds. The results are presented in Table  1 . As shown in Tables 2 and 3 , the developed analytical method was reproducible with good accuracy for all analytes. The variations were all less than 2.72% and the percentage recoveries were in the range of 94.71-102.95% with RSD less than 2% for the seven components. According to the results shown in Table 2 , stabilities of analytes in the mixture stock solution and sample solution were found to be stable for at least 24 h (RSD< 1.59%). The optimized and validated UHPLC method was applied to the simultaneous determination of seven compounds in the extracts of seventeen collected samples. The calculated contents of the components are summarized in Table 4 . It was found that the contents in the different samples showed significant variation. The contents in the seventeen batches of PC ranged from 0.12 to 0.78 mg/g (I), from 0.26 to 0.60 mg/g (II), from 0.25 to 1.79 mg/g (III), from 0.02 to 0.12 mg/g (IV), from 1.84 to 5.61 mg/g (V), from 3.50 At the same time, the obtained UHPLC chromatograms were analyzed by the Similarity Evaluation System for Chromatographic Fingerprint of Traditional Chinese Medicine (SES). All the chromatograms were imported to SES. According to the peak alignment, sixteen common peaks were found in seventeen samples (Figure 2) . The relative retention time (RRT) and relative peak area (RPA) of the common peaks were calculated( Table 5 ). Peak 16 was selected as the reference peak. No common peaks were found in PC6, PC11, PC12, and PC13, which indicated that the four samples were counterfeit drugs and absolutely could not be used as PC in a clinic. A Mean Chromatographic Fingerprint (MCF) was generated by SES and the similarities comparedwith MCF are shown in Table  4 . Most of the samples showed similarity values above 0.92. Only three (PC4, PC5, PC21) gave similarity values below 0.90.
In order to analyze further the differences between the collected drugs, the seventeen samples were introduced into SIMCA-P12.0 software. The PCA plot showed that the 17 batches were clearly classified into two groups (Figure 3) . Combined with the results of quantitative analysis, it was found that the contents of the samples in group A were commonly lower than those of the samples in group B (Table 4 ). Considering that samples PC14-PC21 were collected from cultivation bases directly, while PC1-PC10 were purchased from material markets, it was speculated that storage of the medicines might lead to content decline of the compounds in PC. Therefore, quality control of the medicinal material should be inseparably linked with every aspect, for example, harvest, processing and storage. However, further studies on the influence of environmental factors on bioactive content should be performed.
The established UHPLC-DAD method combining simultaneous determination of multi-components with chromatographic fingerprint analysis was simple, rapid and efficient for quality assessment of PC samples. The method could also benefit the metabolism study of this traditional herb and its preparations.
Experimental
Chemicals: Acetonitrile and methanol were of HPLC grade (Honeywell International Inc., Burdick & Jackson, Muskegon, MI 49442 USA). HPLC grade water was prepared by a Milli-Q Water purification system (Millipore, MA, USA). Ethanol, formic acid and phosphoric acid were purchased from Sinopharm Chemical Reagent 
